per 

INTERNATIONAL APPJ 



WORLD INTELLECTUAL PROPERTY ORGANIZATTO 
International Bureau 



ON PUBLISHED UNDER THE PATENT 



wo 




PERATTON TREATY (PCT) 



(51) International Patent Classification 5 • 

A61K 37/02 // A61K 31/715 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 92/04909 

2 April 1992(02.04.92) 



(21) International Application Number: PCT/GB9 1/0 1627 

(22) International Filing Date : 23 September 1 991 (23.09.91) 



(30) Priority data: 
9020872.9 



25 September 1990 (25.09.90) GB 



(71) Applicant (for all designated States except US): M.L. LABO- 

RATORIES PLC [GB/GBJ; Rutherford Close, Waver- 
tree Technology Park, Liverpool L13 1EJ (GB). 

(72) Inventors; and 

(75) Inventore/Appiicants (for US only) : DAVIES, Donald, Sel- 
wyn [GB/GB]; 7 Mynden Close, Beaconsfield, Buck- 
inghamshire HP9 2AU (GB). WEBER, Jonathan, Nor- 
den [GB/GB]; 50 St Paul's Road, London NW1 2QW 
(GB). 



(74) Agent: DIBB LUPTON BROOMHEAD AND PRIOR; 
117 The Headrow, Leeds LSI 5JX (GB). 



(81) Designated States: AT, AT (European patent), AU, BB, BE 
(European patent), BF (OAPI patent), BG, BJ (OAPI 
patent), BR, CA, CF (OAPI patent), CG (OAPI patent), 
CH, CH (European patent), CI (OAPI patent), CM 
(OAPI patent), CS, DE, DE (European patent), DK, 
DK (European patent), ES, ES (European patent), FI, 
FR (European patent), GA (OAPI patent), GB, GB (Eu- 
ropean patent), GN (OAPI patent), GR (European pa- 
tent), HU, IT (European patent), JP, KP, KR, LK, LU, 
LU (European patent), MC, MG, ML (OAPI patent), 
MN, MR (OAPI patent), MW, NL, NL (European pa- 
tent), NO, PL, RO, SD, SE, SE (European patent), SN 
(OAPI patent), SU + ,TD (OAPI patent), TG (OAPI pa- 
tent), US. 



With international search report 
With amended claims. 



(54) Title: PHARMACEUTICAL COMPOSITION COMPRISING CD4 AND A POLYANIONIC ANTI-HW AGENT 
AND USE THEREOF 

(57) Abstract 

The invention provides an agent against HIV and related viruses, in dosage unit form, comprising CD4 or a CD4-like ma- 
terial and a polyanionic anti-HIV agent, the content of CD4 or CD4-like material in the agent being less than the anti-virally ef- 
fective dose of the CD4 or CD4-like material alone. It has been found that when the CD4 or CD4-like material is used together 
with a polyanionic anti-HIV agent, the combination is more effective against HIV infection than would be the case if the anti-vi- 
ral effect was simply additive. 



+ Sa» harV nf nage 

BNSDOCID: <WO 9204909A1 \ > 



+ DESIGNATIONS OF "SIT 



Any designation of "SU" has effect in the Russian Federation. It is not yet known whether any such 
designation has effect in other States of the former Soviet Union* 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


BS 


Spain 


MG 


Madagascar 


All 


Australia 


PI 


Finland 


ML 


Mali 


BB 


Barbados 


PR 


France 


MN 


Mongolia 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BP 


Burkina Faso 


GB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


CN 


Guinea 


NL 


Netherlands 


BJ 


Benin 


CR 


Greece 


NO 


Norway 


BR 


Brazil 


HU 


Hungary 


PL 


Poland 


CA 


Canada 


IT 


Italy 


RO 


Romania 


CP 


Central African Republic 


JP 


Japan 


SO 


Sudan 


CG 


Congo 


KP 


Democratic People's Republic 


SE 


Sweden 


CH 


Switzerland 




or Korea 


SN 


Senegal 


CI 


C6tc d'Woirc 


KR 


Republic of Korea 


SU+ 


Soviet Union 


CM 


Cameroon 


LI 


Liechtenstein 


TO 


Chad 


CS 


Czechoslovakia 


UC 


Sri Lanka 


TG 


Togo 


D£ 


Germany 


LU 


Luxembourg 


US 


United States of America 


DK 


£>cnmark 


MC 


Monaco 







WO 92/04909 — PCT/GB91/01627 



PHARMACEUTICAL COMPOSITION COMPRISING CD4 AND A POLYANIONIC ANTl- 
HIV AGENT AND USE THEREOF 

This invention relates to pharmaceutical^ active compositions 
and to their use as agents against human immunodeficiency virus 
and related viruses. 

The HIV infection cycle includes a number of steps, each of these 
steps being a possible target for the use of chemotherapy to 
hinder the infection. The first step in the infection cycle is 
the attachment of the HIV virus to the host cell. The main 
receptor for the virus is believed to be the cell surface 
glycoprotein, designated CD4, which is present in some T- 
lymphocytes and in some macrophages. Much attention has 
therefore been given to identifying agents which are capable of 
blocking attachment of the virus to CD4. 

It is believed that the HIV virus attaches itself to CD4 by means 
of interaction between CD4 and the surface glycoprotein, gpl20, 
of the virus. It has been found that soluble recombinant CD4 
(srCD4), made by genetic engineering, can block attachment of HIV 
virus to cellular CD4, thereby inhibiting HIV infection in vitro. 
Therefore, it has appeared that HIV infection might be 
preventable by administration of srCD4. Other CD4- like 
materials, capable of binding to gpl20, such as CD4-IgFc 
immunoadhesins, CD4 V1-V2 domains, and CD4-derived peptides, have 
also been proposed as anti-HIV agents. However, the performance 
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of CD4 and CD4-like materials in preventing "the HXV virus from 
binding to cells has until now been disappointing, a much higher 
concentration of the agent being necessary than had been hoped. 

r- 

Other ant i -HIV agents which block attachment of the virus to i 
cells are a number of polyanionic compounds which Include Evans 
Blue, aurintricarboxylic acid (ATA), suramin, and certain 
sulphated polysaccharides. It might have been thought that if 
CD4 and such polyanionic anti-HIV agents were used 
simultaneously, the total anti-HIV activity would at best be the 
sum of their separate activities. 

However, we have now found that when CD4 (which is used here and 
below, except where otherwise indicated, to include both CD4 and 
CD4-like materials) and a polyanionic anti-HIV agent, such as 
sulphated polysaccharide , are used together, they are much more 
effective against HIV infection than would be the case if the 
anti -viral effect was simply additive. 

Accordingly, the invention provides an agent against HIV and 
related viruses, in dosage unit form, comprising CD4 or a CD4- 
like material and a polyanionic anti-HIV agent the content of CD4 

i 

and CD4-like material in the agent being less than the anti- 
virally effective dose of the CD4 or CD4-like material alone. 

The agent according to the invention may contain substantially 
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less CD4 -than the anti-virally effective dosage of CD4 alone, 
i.e. in the absence of a polyanionic anti-HIV agent. The 
reduction in the amount of CD4 required to achieve the same anti- 
viral effect as for CD4 alone may be such that less than one- 
tenth (or, in favourable cases, less than one-hundredth) of the 
amount of CD4 is needed. Accordingly, the invention offers the 
possibility of using CD4 as a component of an anti-HIV agent in a 
reduced and therefore safer and more economical amount than has 
previously been feasible. 

The agent according to the invention may also contain less than 
the normally effective dose of the polyanionic compound. This is 
advantageous because many of the known polyanionic anti-HIV 
agents are significantly toxic. For example, sulphated 
polysaccharides have anti-coagulant activity. When the 
polyanionic anti-HIV agent is a sulphated polysaccharide , it may 
be present in the compositions of the invention in an amount 
which is less than that which would be required in an anti-HIV 
agent containing only the sulphated polysaccharide. 

Consequently, the compositions of the invention which contain 
sulphated polysaccharides may have a lower level of anti- 
coagulant activity attributable to the sulphated polysaccharide 
content than those previously known. 

The polyanionic anti-HIV agents used in the present invention are 
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preferably sulphated polysaccharides. They include , for example , 
dextran sulphate, pentosan polysulphate, fuccidan, and dextrin 
sulphate. Other sulphated polysaccharides having anti-HXV 
activity (see, for example, EP specifications No's 240,098 and 
293,826) may also be used. Preferably, the sulphated 
polysaccharide contains at least one sulphate group, per 
saccharide unit. 

In therapeutic use, the ant i -HIV agent of the invention may be 
administered enterally (including orally) or parenterally 
(including intravenously). However, administration via the 
peritoneum may be more effective in that it results in entry of 
at least some of the anti-HIV agent directly into the lymphatic 
system, within which system viral replication may be extensive. 

The invention also provides the use of the agent described above 
against HIV-1 and relates viruses, the agent preferably being 
administered peritoneally . 

Further , the invention provides a pharmaceutical composition 
containing the anti-HIV agent of the invention together with an 
inert carrier or diluent and the agent of the invention for use 
in the manufacture of a pharmaceutical composition against HIV-1 
and related viruses. 

The invention additionally provides a method of treatment of a 
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human or animal subject carrying -the HIV-1 virus or a related 
virus , comprising administering to the subject a pharmaceutical^ 
effective amount of the agent of the invention. 

The CD4 or CD4-like material and the polyanionlc anti-HIV agent 
may be administered to a subject one after the other, in any 
order although preferably with the CD4 or CD4-like material 
being administered before the polyanionlc agent , when used 
against HIV-1 or a related virus. 

The invention thus provides CD4 or a CD4-like material , of an 
amount less than its usual anti-virally effective dose, and a 
polyanionlc anti-HIV agent, for use in a method of treatment of a 
human or animal subject carrying the HIV-1 virus or a related 
virus in whic the CD4 or CD4-like material are administered to 
the subject one after the other. 

The following example illustrates the synergistic action of 
dextrin sulphate with soluble recombinant CD4 (srCD4). The 
dextrin sulphate was produced by sulphation of a dextrin of 
weight average molecular weight of about 20,000 daltons, using a 
sulphur trioxide/trimethylamine complex, the degree of 
substitution being approximately one sulphate group per glucose 
unit. The srCD4 was produced in a baculo virus system and was 
purchased from American Biotechnology Inc. 
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Example 1 

In a duplicated experiment, 2 -fold dilutions of soluble 
recombinant CD4, to yield final concentrations of 6 ug/ml down to 
0.02 ug/ml, were incubated with 2.5 x 103 TCID (tissue culture 
infection dose) of HIV-1 virus supernatant (HTLV-IIIb strain, fc 
Gallo, 1984) at 37°C for 1 hour. 2-fold dilutions of dextrin 
sulphate to yield final concentrations from 10 ug/ml down to 
0.625 ug/ml were then added to the T-cell line, M8166, at a 
density of 2.5 x 10 5 /ml and incubated at 37°C for 1 hour. The 
srCD4/HIV-l was then added to the dextrin sulphate pre-treated 
M8166 cells, and the plates read at 48 - 72 hours for the 
presence of syncytia, shown in the table below by +. 

In the absence of dextrin sulphate, srCD4 inhibited HIV-1 
infection of M8166 cells at 6 ug/ml (final concentration). In 
the absence of srCD4, dextrin sulphate inhibited HIV-1 infection 
of M8166 cells at 5-10 ug/ml. When both drugs were present, 2.5 
- 5.0 ug/ml of dextrin sulphate inhibited HIV-1 infection in the 
presence of srCD4 at a concentration of 0.05 - 0.09 ug/ml. This 
represents a 10 2 reduction in the quantity of srCD4 required to 
prevent HIV-1 infection, and shows that the effect of the two 
drugs together is synergistic rather than simply additive. 
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FIRST EXPERIMENT 



Dextrin 
Sulphate 
(ug/ml) _ 



5 

2.5 
1.25 
0.625 
O 



srCD4 (ug/ml) 



1.5 0.75 0.375 0.18 0.09 0.05 0.02 < 



+ 



+ 
+ 



+ 
+ 
+ 



+ 
+ 



SECOND EXPERIMENT 



Dextrin 
Sulphate 
(ug/ml) _ 



10 

5 

4 

3 

2 

1 

O 



srCD4 (ug/ml) 



3 1.5 0.75 0.375 0.18 0.09 0.05 0.02 C 



+ 
+ 
+ 



+ 
+ 



+ 
+ 
+ 
+ 



+ 
+ 



+ 
+ 
+ 
+ 
+ 
+ 
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METHOD 

A srCD4 diluted into 96 well tray. 

Add 2.5 x 10 3 TCID 111b. * 
Incubate at 37oC for 1 hour. 

B Dextrin sulphate diluted into another well tray. 

Add M8166 (2.5 x 10 5 /ml). 
Incubate at 37°C for 1 hour. 

Then add A to B. 

Read at 2 - 3 days when positive controls show >95% syncytia. 
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CLAIMS 

1. An agent against HIV and related viruses, in dosage unit 
form, comprising CD 4 or a CD4-like material and a 
polyanionic anti-HIV agent, the content of CD4 or CD4-like 
material in the agent being less than the anti-virally 
effective dose of the CD4 or CD4-like material alone. 

2. The agent of Claim 1 wherein the content of CD4 or CD4-like 
material is less than one-tenth of the anti-virally 
effective dose of the Cd4 or CD4-like material alone. 

3. The agent of Claim 1 wherein the content of CD4 or CD4-like 
material is less than one-hundredth of the anti-virally 
effective dose of the Cd4 or CD4-like material alone. 

4 . The agent of any of Claims 1 to 3 wherein the content of 
said polyanionic anti-HIV agent is less than the anti- 
virally effective dose of the polyanionic anti-HIV agent 
alone. 

5. The agent of any of Claims 1 to 4 wherein said polyanionic 
anti-HIV agent is a sulphated polysaccharide. 

6. The agent of Claim 5 wherein the sulphated polysaccharide is 
dextrin sulphate. 
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7. The agent: of Claim 5 or 6 wherein said sulphated 
polysaccharide contains at least one sulphate group per 
saccharide unit. 

8. The use of an agent according to any preceding claim against 
HIV-1 and related viruses. 

9. The use of an agent, as claimed in Claim 8, wherein the 
agent is administered peritoneally. 

10. The agent of any of Claims 1 to 7, adapted for 
intraperitoneal administration. 

11. The agent of any of Claims 1 to 7, for use in the 
manufacture of a pharmaceutical composition against HIV-1 
and related viruses. 

12. A pharmaceutical composition containing the agent of any of 
Claims 1 to 7 and an inert carrier or diluent. 

13. A method of treatment of a human or animal subject carrying 
the HIV-1 virus or a related virus, comprising administering 
to the subject a pharmaceutically effective amount of the 
agent of any of Claims 1 to 7. 
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14. CD 4 or C^fcike material, of an amount less than its usual 
anti-virally effective dose, and a polyanionic anti-HIV 
agent, for use in a method of treatment of a human or animal 
subject carrying the HIV-1 virus or a related virus in which 
the CD4 or CD4-like material and the polyanionic agent are 
administered to the subject one after the other, in any 
order. 

15. A method of treatment of a human or animal subject carrying 
the HIV-1 virus or a related virus, comprising administering 
to the subject, one after the other but in any order, CD4 or 
a CD4-like material, of an amount less than its usual anti- 
virally effective dose, and a polyanionic anti-HIV agent. 

16. A method according to Claim 15, wherein the CD4 or CD4-like 
material is administered before the polyanionic anti-HIV 
agent. 
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[received by the International Bureau on 12 March 1992 (12.03.92); 
original claims 5 and 6 cancelled; original claims 1-4 and 7-16 amended and 

r^umbered accordingly (2 pages)} 

1. An agent against HIV and related viruses, in dosage unit 

form, comprising CD4 or a CD4-like material and dextrin 
sulphate, the content of CD4 or CD4-like material in the 
agent being less than the anti-virally effective dose of 
5 the CD 4 or CD4-like material alone. 

2. The agent of Claim 1 wherein the content of CD4 or CD4- 
like material is less than one-tenth of the anti-virally 
effective dose of the CD4 or CD4-like material alone/. 

10 

3. The agent of Claim 1 wherein the content of CD4 or CD4- 
like material is less than one-hundredth of the anti- 
virally effective dose of the CD4 or CD4-like material 
alone. 

15 

4. The agent of any of Claims 1 to 3 wherein the content of 
said dextrin sulphate is less than the anti-viraily 
effective dose of dextrin sulphate alone. 

20 5. The agent of any one of the preceding claims wherein the 
dextrin sulphate contains at least one sulphate group 
per saccharide unit. 

6. The use of an agent according to any preceding claim 
25 against HIV-1 and related viruses. 

7. The use of an agent, as claimed in Claim 6, wherein the 
agent is administered peritoneally, 

30 8. The agent of any of Claims 1 to 5, adapted for 
intraperitoneal administration. 

9 » The agent of any of Claims 1 to 5 , for use in the 
manufacture of a pharmaceutical composition against HIV- ' 
35 l and related viruses, 

10. A pharmaceutical composition containing the agent of any 
of Claims 1 to 5 and an inert carrier or diluent. 
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10 



15 



20 



11. A method of treatment of a human or animal subject 
carrying the HIV-1 virus or a related virus, comprising 
administering to the subject a pharmaceutical^ 
effective amount of the agent of any of Claims l to 5. 

12. CD4 or CD4-like material, of an amount less than its 
usual anti-virally effective dose, and dextrin sulphate, 
for use in a method of treatment of a human or animal 
subject carrying the HIV-1 virus or a related virus, in 
which method the CD4 or CD4-like material and the 
dextrin sulphate are administered to the subject one 
after the other, in any order. 

13. A method of treatment of a human or animal subject 
carrying the HIV-1 virus or a related virus, comprising 
administering to the subject, one after the other but in 
any order, CD4 or a CD4-like material, of an amount less 
than its usual anti-virally effective dose, and dextrin 
sulphate . 

14. A method according to Claim 13, wherein the CD4 or CD4- 
like material is administered before the dextrin 
sulphate. 



25 
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